The chemical composition of the essential oil from peppermint (Mentha x piperita L.) was analyzed by GC/FID and GC-MS. The main constituents were menthol (40.7%) and menthone (23.4%). Further components were (+/-)-menthyl acetate, 1,8-cineole, limonene, β-pinene and β-caryophyllene. Peppermint oil possessed antiradical activity with respect to DPPH (diphenyl picryl hydrazyl) and hydroxyl (OH•) radicals, exercising stronger antioxidant impact on the OH• radical. The concentrations required for 50% inhibition of the respective radical (IC 50 ) were 860 µg/mL for DPPH and 0.26 µg/mL for OH•. Peppermint essential oil demonstrated antioxidant activity in a model linoleic acid emulsion system in terms of inhibiting conjugated dienes formation by 52.4% and linoleic acid secondary oxidized products generation by 76.9% (at 0.1% concentration).
Health protection and economic reasons have necessitated investigations aimed at enhancing the oxidative stability of lipid-containing products. There is an increasing trend towards addition of suitable natural antioxidants to these products and, in particular, an increasing interest in herbs and spices as sources of natural antioxidants [1, 2] .
Many spices and herbs exert antioxidant activity due to their essential oil fractions [3] [4] [5] . Components present in essential oils have been known to possess antioxidant activity and some are classified as Generally Recognized As Safe (GRAS) substances and, therefore, could be used to prevent undesirable oxidative damages in foods.
Peppermint (Mentha x piperita L.) has a number of medicinal uses, due to its soothing effect on the stomach and colon. It is also a refreshing flavoring agent for food, candy, gum and dental products [6] [7] [8] The plant has also been used in pharmaceutical, cosmetic and perfumery products due to the presence of the essential oil, which contains menthol as its major component [6, [8] [9] [10] [11] [12] . Several biological activities, including antimicrobial and antioxidant, are usually assigned to this oil or to some of its constituents. However, very little is known about the antioxidant properties of peppermint oil as a radical scavenger, oxygen scavenger and metal-chelating agent [13] .
The main objective of the study was to evaluate the chemical composition and the olfactory characteristics of peppermint oil, comparing literature data with the identified characteristics of the oil. Moreover, evaluation of the antioxidant effects of peppermint oil by using different model systems was the second objective of the study. [13] [14] [15] [16] [17] . # In relative %-peak area using GC/FID with a non-polar column (mean value of 3 analyses). § In accordance with published data [18] [19] [20] [21] .
The chemical composition of peppermint oil, as seen in Table 1 , was dominated by menthol (40.7%) and menthone (23.4%). Further identified compounds were 1,8-cineole (5.3%), (+/-)-menthyl actetate (4.2%), isomenhone (3.7%), menthofurane (3.7%) and neomenthol (3.2%).
The antioxidant activity of peppermint oil was evaluated using different model systems: DPPH radical scavenging activity, which results in an IC 50 value (the concentration that inhibits 50% of the free DPPH radical); hydroxyl radical-scavenging activity using a model system that degrades the sugar deoxyribose. Further antioxidant activity was evaluated using a linoleic acid model system, which results as inhibition of peroxidation. 
DPPH radical scavenging activity:
In the DPPH test the ability of a compound to act as a donor of hydrogen atoms or electrons is measured spectrophotometrically. In Table 2 , concentrations are shown of peppermint oil, rutin, ascorbic acid, BHT (butylated hydroxytoluene) and BHA (butylated hydroxyanisole) resulting in 50% inhibition of the free radical DPPH (IC 50 ). Compared with the other antioxidants in the assay, peppermint oil demonstrated weak antiradical activity with respect to the DPPH radical -860 μg/mL. It is worth emphasizing that menthol, the major component of the essential oil, did not reveal scavenging properties in terms of the DPPH radical within the range of concentrations covered in the experiment (up to 1 mg/mL).
Hydroxyl radical-scavenging activity: Hydroxyl radicals are generated in a reaction mixture containing ascorbate, hydrogen peroxide and iron III-EDTA at pH 7.4 and measured by their ability to degrade the sugar deoxyribose [23, 24] .
The introduction of peppermint oil to the reaction medium was a means of shielding deoxyribose against degradation through the elimination of highly reactive hydroxyl radicals (OH•) ( Figure 1 ).
The results clearly identify peppermint oil as a powerful OH•-scavenger in competing with 2-deoxy-D-ribose, the effect being additionally amplified by the increase in oil concentration until reaching 85.6% inhibition at 1.0 μg/mL concentration, while the major individual component of peppermint oil, menthol, caused 78.2% inhibition of OH• at 1.0 μg/mL ( Figure 1 ). Substantially weaker was the antioxidant activity of quercetin (77.8% at 20μg/mL). The three antioxidants studied could be arranged by their antioxidant effect (expressed as IC 50 ) in descending order, as follows: menthol -0.23 µg/mL (R 2 = 0.996), peppermint oil -0.26 µg/mL (R 2 = 0.991), and quercetin -4.61 µg/mL (R 2 = 0.834). The same analytical approach could also be applied for studying the inhibitory power of peppermint oil against the metal ion-dependant generation of OH•, and not only for assaying its ability to capture already formed radicals.
When Fe 3+ ions are added to the reaction mixture as FeCl 3 instead of EDTA complex, some of the iron ions form a complex with deoxyribose. The Fe 3+ may be subsequently reduced by ascorbate to Fe 2+ , which in turn may remain bound to deoxyribose and further on react with H 2 O 2 . The reaction generates the necessary OH• that immediately triggers the degradation of deoxyribose in a site-specific manner.
Only molecules that are able to chelate Fe ions to inactivate them may inhibit the degradation of deoxyribose. Figure 2 (without EDTA) shows that peppermint oil, menthol and quercetin are scavengers of OH• and manifest chelative properties, most strongly expressed in the case of menthol.
Like most radicals, OH• can be neutralized by a hydrogen atom. The capture of OH• by peppermint oil is attributed to the hydrogen-donating ability of menthol, which constitutes 40.7% of the peppermint oil. The antioxidant activity of menthol has been previously identified [25] .
The parallel between the scavenging activities of peppermint oil with respect to the two radicals under study, DPPH and OH•, revealed a prevalence in scavenging activity in the case of OH•, with the respective IC 50 values being 0.26 µg/mL (OH•) and 86 μg/mL (DPPH). That activity distinction is most probably due to a difference in the specific mechanisms for the neutralization of the two radicals.
Evaluation of antioxidant activity in linoleic acid model system:
In order to evaluate the inhibitory effect of peppermint oil on lipid peroxidation, a model system of linoleic acid/water emulsion was applied. The antioxidant capacity was assayed by measuring the inhibitory effect in the early stages of linoleic acid autoxidation, and in the stage when secondary oxidized products had been generated, expressed as malonaldehyde content. Thus, two indicators were considered, each corresponding to a different stage of lipid peroxidation -conjugated dienes formation and the accumulation of TBARS (thiobarbituric acid reactive substances). The effect of peppermint oil on lipid peroxidation was evaluated at body temperature (37 ºC).
Determination of conjugated dienes formation:
Our study revealed that the antioxidant action of peppermint oil was dependent on its concentration. Following an increase of concentration from 0.005 to 0.1%, there was registered a corresponding increase in the inhibitory effect on lipid peroxidation throughout the entire test period (Figure 2A ). The most rigorous peroxidation of linoleic acid occurred on the 5 th day of incubation, as revealed by the formation of conjugated dienes. On the 5 th day of linoleic acid incubation in the presence of 0.1% peppermint oil, 43.7% inhibition of the process was achieved, while the inhibition by BHT (0.01%) was 35.2%. The most significant activity of the antioxidants with respect to linoleic acid autoxidation was registered on the 8 th day of the incubation period (0.1% concentration of peppermint oil accomplished an inhibitory effect of 52.4%, while the inhibition by 0.01% BHT was 61.9%).
Determination of thiobarbituric acid reactive substances:
Considering the second indicator applied for the determination of secondary oxidized products from linoleic acid -TBARS, peak accumulation of malonaldehyde was registered again on the 5 th day of linoleic acid incubation ( Figure 2B ), suggesting that the process nearly followed the rate of conjugated dienes formation. The inhibitory effect of the antioxidants on the 8 th day of the study reached 76.9% in the case of peppermint oil (0.1%) and 74.6% in the case of BHT (0.01%).
Peppermint oil possesses antiradical activity with respect to OH• and DPPH radicals, being a better OH• scavenger and a more successful antioxidant than quercetin. Peppermint oil revealed Fe 3+ chelating properties, therefore preventing the initiation of hydroxyl radicals.
Peppermint oil inhibited conjugated dienes formation and the generation of secondary products from lipid peroxidation. The established antioxidant properties of peppermint oil considerably expand the scope of its application as a natural preservative. 
Experimental

Essential oil sample:
The essential oil of Mentha x piperita L. from USA (Kennewick type, notsubsp. piperita from Kennewick) was a product from Kurt Kitzing Co., Wallerstein, Germany, no. 802224 (charge-no 12019), possessing a powerful minty, fresh-green, herbal odor.
Chemical composition: GC/FID and GC/MS analyses were carried out simultaneously using a Finnigan ThermoQuest TraceGC with a dual split/splitless injector, a FID detector and a Finnigan Automass quadrupole mass spectrometer, respectively. One inlet was connected to a 50 m x 0.25 mm x 1.0 µm SE-54 [5% Phenyl-1%vinyl)methylpolysiloxane] fused silica column (CS Chromatographie Service, Germany); the other injector was coupled to a 60 m x 0.25 mm x 0.25 µm DB Wax (polyenthylene glycol) column (J & W Scientific, USA). The two columns were connected at the outlet with a quartz Y connector and the combined effluents of the columns were split simultaneously to the FID and MS detectors with a short (ca. 50cm) 0.1 mm ID fused silica restrictor column as GC/MS interface. The carrier gas was helium 5.0 with a constant flow rate of 1.5 mL/min (non-polar column)/ 2.2 mL/min (polar column).
Injector temperature was 230°C, FID detector temperature 250°C, GC/MS interface heated at 250°C, ion source at 150°C, EI mode at 70 eV, scan range 40 -300 amu. The following temperature program was used: 46°C for 1 min; 46 to 100°C at a rate of 5°C/min; 100°C to 230°C at a rate of 2°C/min; 230°C for 13.2 min. Identification was achieved using the Finnigan XCalibur 1.2 software with mass spectra correlations through the NIST 2005, Adams EO, MassFinder and our own library and using the retention indices of reference compounds, as well as comparison with literature data [14] [15] [16] [17] [18] . Quantification was achieved through peak area calculations of the FID chromatogram.
Olfactory evaluation:
The oil of peppermint was olfactorily evaluated by two professional perfumers and one aroma chemist. One droplet of the essential oil was placed on a commercial odor strip. Terms for odor impressions were compared with published data [19] [20] [21] [22] and our private database of reference aroma compounds [29] .
Antioxidant activity
Scavenging effect on 2,2-diphenyl-1-picryl hydrazyl radical (DPPH):
The radical scavenging ability was determined according to the method of Mensor et al. [26] . One mL from a 0.3 mM ethanol solution of DPPH was added to 2.5 mL from the samples with different concentrations of peppermint oil and menthol. The samples were kept at room temperature in the dark for 30 min, and then the optical density was measured at 518 nm. The optical densities of the samples, the control and the blank were measured in comparison with ethanol.
Ascorbic acid, rutin, and the synthetic antioxidants butylhydroxytoluene (BHT) and butylated hydroxyanisole (BHA) were used as positive controls.
Detection of hydroxyl radicals by deoxyribose assay:
The assay was performed as described by Halliwell et al. [24] , with minor changes. All solutions were freshly prepared. One mL of the reaction mixture (1% in 50 mM NaOH) and 1.0 mL of trichloroacetic acid (TCA) were added to the reaction mixture and the tubes were heated at 100°C for 20 min. After cooling, the absorbance was read at 532 nm against a blank (containing only buffer and deoxyribose).
The degree of inhibition (in %) was calculated from the following formula:
ABS I
The IC 50 value represented the concentration of a compound that caused 50% inhibition of radical formation. Quercetin was used as a positive control.
Evaluation of antioxidant activity in linoleic acid model system:
Linoleic acid emulsions were prepared by mixing 0.285 g of linoleic acid, 0.289 g of Tween 20 as emulsifier, and 50 mL phosphate buffer (pH 7.2). The mixture was homogenized for 5 min according to Yen et al. [27] . The antioxidant was added at final concentrations of 0, 0.05 and 0.1% w/v of peppermint oil; BHT 0.01% was used as control. The mixture was incubated in an oven at 37°C for 10 days. The course of oxidation was monitored by measuring the formation of conjugated dienes (CD) and thiobarbituric acid reactive substances (TBARS).
The antioxidant activity at the end of the assay time was expressed for each indicator as reduction percent of peroxidation (RP %), with the control containing no antioxidant being 0%.
RP % = [(peroxidation indicator value without antioxidant) -(peroxidation indicator value with antioxidant)/ peroxidation indicator value without antioxidant] x 100.
A higher percentage indicates a higher antioxidant activity.
Determination of conjugated dienes formation:
Aliquots of 0.02 mL were taken at different intervals during incubation. After incubation, 2 mL of methanol in deionised water (60%) was added, and the absorbance of the mixture was measured at 233 nm. The conjugated dienes concentration was expressed in mL/mg for each sample. The results were calculated as CD = B x v/w; where B is the absorbance reading, v denotes the volume (mL) of the sample and w is the mass (mg) of the emulsion measured [28] .
Determination of thiobarbituric acid reactive substances:
A modified thiobarbituric acid reactive substances (TBARS) method was used to measure the antioxidant activity of the oil in terms of inhibition on lipid peroxidation. A sample (0.1 mL) was taken every day from the emulsion, and the TBA-TCA solution (2 mL TBA in 15% TCA) was sequentially added. The mixture was heated in a 100°C water bath for 15 min and cooled at room temperature. After 2 mL of chloroform had been added, the mixture was stirred and centrifuged at 2000 rpm for 15 min. The chloroform layer was separated and the absorbance of the supernatant was measured at 532 nm against a blank containing TBA-TCA solution. Malonaldehyde standard curves were prepared by 1,1,3,3-tetramethoxypropane, and TBARS was expressed as mg of malonaldehyde/kg dry matter. The data obtained at each stage of the experiments were the average of three measurements.
Statistical analysis:
The experimental data analysis included approximation through polynomic dependences from fourth order. In all cases the plural correlation coefficient R 2 was determined. The level of concentration which corresponded to 50% inhibition was calculated according to that approximated dependence for which R 2 was maximum. The statistical analysis of the data was carried out with MATHLAB software.
